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(54) Signal break detecting circuit 

(57) This invention provides a signal break detecting 
circuit for reducing time required for detecting a data sig- 
nal break. A difference between an average value of da- 
ta signal amplified by a limiter amplifier (2) to a prede- 
termined amplitude (output of a full-wave rectifying cir- 
cuit (7)) and a peak value (output of a peak value de- 
tecting circuit (5)) is compared with a reference voltage 



Vth by a comparator (9) and if the difference drops below 
the reference voltage Vth, an alarm is dispatched. Con- 
sequently, as compared to a conventional technology in 
which the data signal break is detected by detecting that 
the peak value of the reception signal drops to a prede- 
termined value, time required for detecting a data signal 
break can be reduced. 
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Description 

[0001] The present invention relates to a signal break 
detecting circuit and particularly to a signal break de- 
tecting circuit tor detecting a signal break in optical sig- 5 
nals received by an optical receiving unit. 
[0002] If a break occurs in optical signals received by 
an optical receiving unit or a fiber is disconnected or in 
case of wave length division multiplex (WDM), an optical 
fiber amplifier (O FA) gets in trouble, such a transmission 
path failure is detected and alarm (loss of signal) is dis- 
patched. This function is an indispensable function 
specified according to international telecommunications 
union (ITU) for distinguishing such transmission path 
failure from unit failure. 

[0003] When this alarm is dispatched, the optical re- 
ceiving unit confirms operation of a mating unit and gets 
into a sequence for switching the transmission path to 
a reserved system (These are specified according to 
TMN of ITU-T and controlled by network control system 
of each unit). If all failures are vanished, the network 
control system confirms with the mating unit and switch- 
es back from the reserved system to its current system. 
[0004] Because basically, the alarm acts as a trigger 
for executing automatic switching with the mating unit 
(mating units between different companies are consid- 
ered), certainty and dispatch time are considered impor- 
tant. Although the alarm dispatch time is not specified 
according to ITU especially, the alarm is requested to 
be dispatched in 2.3 u,s - 1 00 \x.s according to the spec- 
ification of Bellcore. That is, considering switch-over 
with cross connection or same sign continuity (for ex- 
ample, for distinguishing whether data having continu- 
ous "0" level is received or the "0" level is attained due 
to signal break), it is requested that respective rates of 
synchronous optical network (SONET) do not dispatch 
any alarm within 2.3 u.s since data signal break. 
[0005] On the other hand, the data signal break in a 
conventional optical receiving unit is detected by detect- 
ing that a peak value of reception signal drops to a pre- 
determined value. Further, technology for detecting the 
signal break using timing signal extracted from the re- 
ception signal has been disclosed in each of Japanese 
Patent Application Laid-Open No.5-260032 (hereinafter 
referred to preceding technical document 1 ), Japanese 
Patent Application Laid-Open No. 3-79141 (hereinafter 
referred to as preceding technical document 2) and Jap- 
anese Patent No. 3045069 (hereinafter refsrred to as 
preceding technical document 3). 
[0006] However, the conventional optical receiving 
unit has such a disadvantage that it takes a long time 
until data signal break is detected since that break oc- 
curs, because it detects that the peak value of the re- 
ception signal drops to a predetermined value. On the 
other hand, any means which solves this disadvantage 
has not been disclosed in the preceding technical doc- 
uments 1-3. 

[0007] Accordingly, an object of the present invention 



2 

is to provide a signal break detecting circuit capable of 
reducing time necessary for detecting a data signal 
break as compared to the conventional detecting circuit. 
[0008] To achieve the above object, the present in- 
vention provides a signal break detecting circuit for de- 
tecting a signal break in reception signal, comprising: a 
first value detecting means for detecting a first value ob- 
tained corresponding to the amplitude of the reception 
signal; a second value detecting means for detecting a 
second value which is obtained corresponding to the 
amplitude of the reception signal and different from the 
first value; a difference detecting means for detecting a 
difference between the first value and the second value; 
and a comparing means which compares output of the 
difference detecting means with a predetermined refer- 
ence value and outputs a comparison result. 
[0009] According to the present invention, by compar- 
ing a difference between the first value and the second 
value obtained corresponding to the amplitude of the re- 
ception signal, signal break is detected. Consequently, 
time necessary for detecting the data signal break can 
be reduced, as compared to the conventional detecting 
circuit. 

[0010] The present invention achieves a signal break 
detecting circuit for detecting a signal break in reception 
signal, comprising: a first value detecting means for de- 
tecting a first value obtained corresponding to the am- 
plitude of the reception signal; a second value detecting 
means for detecting a second value which is obtained 
corresponding to the amplitude of the reception signal 
and different from the first value; a difference detecting 
means for detecting a difference between the first value 
and the second value; and a comparing means which 
compares output of the difference detecting means with 
a predetermined reference value and outputs a compar- 
ison result. Consequently, time necessary for detecting 
data signal break can be reduced. 

Fig. 1 is a structure diagram of a first embodiment 
of an optical receiving unit including a signal break 
detecting circuit according to the present invention; 
Fig. 2 is a timing chart showing an operation of the 
first embodiment; 

Fig. 3 is a timing chart showing an operation of the 
first embodiment; 

Fig. 4 is a structure diagram of a second embodi- 
ment; 

Fig. 5 is a timing chart showing an operation of the 
second embodiment; 

Fig. 6 is a structure diagram of a third embodiment; 
Fig. 7 is a timing chart showing an operation of the 
third embodiment; and 

Fig. 8 is a timing chart showing an operation of the 
third embodiment. 

[0011] First, the outline of the present invention will 
be described. The feature of the present invention is that 
when an optical signal is transformed to an electric sig- 
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nal, a difference between an average value of data sig- 
nal amplified to a predetermined amplitude by an auto- 
matic gain control (AGC) amplifier, limiter amplifier or 
the like and a peak value is monitored so as to detect a 
signal level and if the signal level drops below a prede- 5 
termined level, an alarm is dispatched in a short time. 
[0012] According to the present invention, by optimiz- 
ing time constant of an average value detecting circuit 
without depending on an inputted time constant of AC 
coupling (for example, coupling capacitor) ora time con- 
stant of a DC feedback circuit (DCFB), the dispatch time 
(response time) of alarm can be reduced more than con- 
ventionally. 

[001 3] Further, by monitoring a difference between an 
average value of inputted signal waveform and a peak 
value full-wave rectified, a signal level break can be de- 
tected without depending on offset of the input signal in 
a short time. This is valid if there is an offset in a limiter 
amplifier (LIM). Additionally, this is also valid in case 
where an offset is given to the limiter amplifier intention- 
ally for adaptive threshold control (ATC) so as to opti- 
mize a threshold value. Further, due to the full-wave rec- 
tification, there is an effect that alarm can be dispatched 
irrespective of which level just before data signal breaks 
is positive or negative, power consumption can be re- 
duced because such a high-speed circuit as flip-flop and 
logic IC is not necessary. 

[0014] Hereinafter, the embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings. Fig. 1 is a structure diagram 
of the first embodiment of an optical receiving unit in- 
cluding a signal break detecting circuit according to the 
present invention. Referring to the same Figure, the op- 
tical receiving unit comprises a coupling capacitor 1 for 
removing DC component of data signal which is trans- 
formed from optical signal to electric signal, a limiter am- 
plifier (LIM) 2 for inputting data signal through the cou- 
pling capacitor 1 , a DC feedback circuit (DCFB) 3 for 
providing offset voltage to data signal inputted to the lim- 
iter amplifier 2 and a signal break detecting circuit. 
[001 5] The signal break detecting circuit comprises a 
first full-wave rectifying circuit 4 for full- wave rectifying 
output of the limiter amplifier 2, a peak value detecting 
circuit (peak DET) 5 for detecting a peak value in the 
first full-wave rectifying circuit 4, an average value de- 
tecting circuit (Ave DET) 6 for detecting an average val- 
ue of output of the limiter amplifier 2, a second full-wave 
rectifying circuit 7 for full-wave rectifying output of the 
average value detecting circuit 6, a differential amplifier 
(Diff Amp) 8 for amplifying a difference between output 
of the peak value detecting circuit 5 and output of the 
second full-wave rectifying circuit 7 and a comparator 
(Comp) 9 for dispatching alarm output if output of the 
differential amplifier 8 drops below a reference voltage 
Vth. 

[0016] The limiter amplifier 2 may be of other means 
like AGC amplifier as long as it amplifies data signal 
which is transformed from optical signal to electric signal 



to a predetermined amplitude. Further, the comparator 
9 may be provided with hysteresis characteristic to sup- 
press deflection in the vicinity of the reference voltage 
Vth. 

[0017] Next, an operation of the first embodiment will 
be described with reference to Figs. 2, 3. Figs. 2, 3 are 
timing charts indicating an operation of the first embod- 
iment. Referring to Fig. 2(A), data signal, which is output 
of the limiter amplifier 2, has an amplitude from low level 
VL to high level VH around the offset voltage given by 
the DC feedback circuit 3. When there is data signal, the 
output of the average value detecting circuit 6 is of the 
same voltage as VDC. However, if the data signal 
breaks at a low level VL, the voltage approaches the low 
level VL gradually following a time constant of the aver- 
age value detecting circuit 6 and after that, converges 
to a level VDC according to any smaller time constant 
of a time constant of the DC feedback circuit 3 and a 
time constant of AC coupling with the coupling capacitor 
1 (see Ave DET output 51 of the same Figure(A)). 
[0018] At this time, the time constant of the average 
value detecting circuit 6 needs to be slower than the 
specified same sign continuity and further faster than 
any smaller time constant of the time constant of the DC 
feedback circuit 3 and the time constant of AC coupling 
with the coupling capacitor 1. 

[0019] If the data signal breaks at a high level VH, the 
voltage approaches the high level VH gradually accord- 
ing to the time constant of the average value detecting 
circuit 6. After that, the voltage converges to the level 
VDC according to any small time constant of the time 
constant of the DC feedback circuit 3 and the time con- 
stant of AC coupling with the coupling capacitor 1 (see 
output 52 of the same Figure(A)). 
[0020] By passing the output of the average value de- 
tecting circuit 6 through the second full-wave rectifying 
circuit 7, the signal can be outputted to the same positive 
level side as the output of the peak value detecting cir- 
cuit 5 as shown in Fig. 3(A), regardless of which a level 
just before a break of the data signal is of positive level 
or negative level. 

[0021] On the other hand, because the data signal 
passes the first full-wave rectifying circuit 4 as shown in 
Fig. 2(B), the amplitude of a low level VL side is folded 
back to a high level VH side, so that the output of the 
peak value detecting circuit 5 when there is data signal 
becomes high level VH. 

[0022] Then, when the data signal breaks, the output 
of the peak value detecting circuit 5 converges to level 
VDC according to any smaller time constant of the time 
constant of the DC feedback circuit 3 and the time con- 
stant of AC coupling with the coupling capacitor 1 re- 
gardless of which a level just before the break of the 
data signal is of positive level or negative level. 
[0023] At this time, the discharge time constant of the 
peak value detecting circuit 5 needs to be faster than 
any smaller time constant of the time constant of the DC 
feedback circuit 3 and the time constant of AC coupling 
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with the coupling capacitor 1 . 

[0024] Consequently, the peak value detecting circuit 
5 detects an envelope of the first full-wave rectifying cir- 
cuit 4 and when the data signal breaks, the voltage con- 
verges to level VDC according to any smaller time con- 
stant of the time constant of the DC feedback circuit 3 
and the time constant of AC coupling with the coupling 
capacitor 1. 

[0025] Although when there is data signal as shown 
in Fig. 3(A), a difference between the output of the peak 
value detecting circuit 5 and the output of the second 
full-wave rectifying circuit 7 is (VH - VDC) V, that differ- 
ence begins to be reduced after the data signal breaks, 
and soon both the outputs becomes equal, so that the 
voltage converges to level VDC according to any small- 
ertime constant of the time constant of the DC feedback 
circuit 3 and the time constant of AC coupling with the 
coupling capacitor 1 . 

[0026] The difference between the output of the peak 
value detecting circuit 5 and the output of the second 
full-wave rectifying circuit 7 is amplified with the differ- 
ential amplifier 8 and if this difference drops below the 
reference voltage vth, the comparator dispatches an 
alarm (see Figs. 3 (B), (C) ) . 

[0027] In Fig. 3(A), although the output of the peak 
value detecting circuit 5 and the output of the second 
full-wave rectifying circuit 7 exist on the high level VH 
side, it is permissible that they exist on the low level VL 
side. Depending on which is selected an inverted input 
terminal or non-inverted input terminal of the differential 
amplifier 8, a differential curve between the output of the 
peak value detecting circuit 5 and the output of the sec- 
ond full-wave rectifying circuit 7 shown in Fig 3(B) is in- 
verted from positive level to negative level. In this case, 
a difference between the output of the peak value de- 
tecting circuit 5 and the output of the second full-wave 
rectifying circuit 7 is amplified with the differential ampli- 
fier 8 and if this difference increases over the reference 
voltage Vth, the comparator 9 dispatches an alarm. 
[0028] On the other hand, Fig. 3(D) shows a timing 
chart of conventional art in which data signal break is 
detected by detecting that a peak value of reception sig- 
nal drops to a predetermined value. If comparing Fig. 3 
(C ) with Fig. 3(D), it is apparent that according to the 
present invention (see Fig. 3 (C ) ) , time required for 
detecting data signal can be reduced with respect to the 
conventional case. 

[0029] Next, the second embodiment of the present 
invention will be described. Fig. 4 shows a structure di- 
agram of the second embodiment and Fig. 5 is a timing 
chart indicating an operation of the second embodiment. 
Meanwhile, in Fig. 4, like reference numerals are at- 
tached to the same components as Fig. 1 and a descrip- 
tion thereof is omitted. Referring to Fig. 4, the feature of 
the signal break detecting circuit of the second embod- 
iment is that a second average value detecting circuit 
(Ave DET2) 11 is employed instead of the peak value 
detecting circuit 5 of the first embodiment, 



[0030] Referring to Fig. 5 (A), because data signal is 
full-wave rectified by the first full-wave rectifying circuit 
4 in Fig. 5(A), if there is data signal, output of the second 
average value detecting circuit 11 is in the vicinity of the 

5 high level VH or slightly lower than the high level VH 
(however, higher than the level VDC) . Then, when the 
data signal breaks, that voltage approaches the high 
level VH gradually according to the time constant of the 
second average value detecting circuit 11 irrespective 

10 of which the level just before the data signal breaks of 
positive level or negative level. After that, it converges 
to the level VDC according to any smaller time constant 
of the time constant of the DC feedback circuit 3 and the 
time constant of AC coupling with the coupling capacitor 

15 1 (see output 61 of Fig. 5(A)). 

[0031] As compared to the first embodiment, although 
when there is data signal the difference in output be- 
tween the second average value detecting circuit 1 1 and 
the second full-wave rectifying circuit 7 is reduced, a de- 

20 tecting circuit which does not need so high speed oper- 
ation as the peakvalue detecting circuit can be achieved 
with the average value detecting circuit 11 (see Figs. 5 
(B), (C)). On the other hand, Fig. 5(D) shows a timing 
chart of the conventional art in which the data signal 

25 break is detected by detecting that the peak value of re- 
ception signal drops to a predetermined value. 
[0032] Next, a third embodiment of the present inven- 
tion will be described. Fig. 6 shows a structure diagram 
of the third embodiment and Figs. 7, 8 are timing charts 

30 showing an operation of the third embodiment. Mean- 
while, in Fig. 6, like reference numerals are attached to 
the same components as Fig. 1 and a description there- 
of is omitted. Referring to Fig. 6 : the feature of the third 
embodiment is that the signal break detecting circuit of 

35 the third embodiment is so constructed that after the da- 
ta signal is half-wave rectified with the first half-wave 
rectifying circuit 10, it is inputted to the peak value de- 
tecting circuit 5 and the average value detecting circuit 
6 and that the single half-wave rectifying circuit 10 can 

40 do the same work which the two full-wave rectifying cir- 
cuits 4, 7 do. 

[0033] Referring to Fig. 7(A), the output of the average 
value detecting circuit 6 when there is data signal be- 
comes an intermediate voltage between the level VDC 

45 and the high level VH. Then, when the level just before 
the data signal breaks is of high level VH, the voltage 
approaches the high level VH gradually according to the 
time constant of the average value detecting circuit 6 
like the first embodiment. After that, it converges to the 

50 level VDC according to any smaller time constant of the 
time constant of the DC feedback circuit 3 and the time 
constant of AC coupling with the coupling capacitor 1 
(see output 71 of Fig. 7(A)). 

[0034] Meanwhile, Fig. 7(B) shows the relation be- 
55 tween the difference in the output between the peak val- 
ue detecting circuit 5 and the average value detecting 
circuit 6 and the reference voltage Vth. Fig. 7(C) shows 
an alarm dispatch timing. 
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[0035] On the other hand, when the level just before 
the data signal breaks is of low level VL, the output of 
the average value detecting circuit 6 converges to the 
level VDC according to the time constant of the average 
value detecting circuit 6 (see output 72 of Fig. 8(A)). The 
output of the peak value detecting circuit 5 converges 
to the level VDC according to discharge time constant 
of the peak value detecting circuit 5 (see output 73 of 
Fig. 8(A)). In this case, output 72 of the average value 
detecting circuit 6 and output 73 of the peak value de- 
tecting circuit 5 in Fig. 8(A) converge to the level VDC 
in a shorter time as compared to the output waveform 
of Fig. 7(A). 

[0036] Fig. 8(B) shows the relation between the dif- 
ference in output between the peak value detecting cir- 
cuit 5 and the average value detecting circuit 6 and the 
reference voltage Vth and Fig. 8(C) shows an alarm dis- 
patch timing. 

[0037] The present invention achieves a signal break 
detecting circuit for detecting a signal break in reception 
signal, comprising: a first value detecting means for de- 
tecting a first value obtained corresponding to the am- 
plitude of the reception signal; a second value detecting 
means for detecting a second value which is obtained 
corresponding to the amplitude of the reception signal 
and different from the first value; a difference detecting 
means for detecting a difference between the first value 
and the second value; and a comparing means which 
compares output of the difference detecting means with 
a predetermined reference value and outputs a compar- 
ison result. Consequently, time necessary for detecting 
data signal break can be reduced. 
[0038] Specifically, as the first effect, alarm dispatch 
time (response speed) can be controlled according to 
the time constant of the average value detecting circuit 
without depending on any smaller time constant of the 
time constant of the DC feedback circuit 3 and the time 
constant of AC coupling of the coupling capacitor 1. 
Consequently, the alarm dispatch time can be quick- 
ened as compared to when alarm is dispatched with only 
output of the peak value detecting circuit 5. 
[0039] The second effect is that by monitoring a dif- 
ference between the average value of data signal and 
full-wave rectified peak value, signal level can be de- 
tected in a short time regardless of offset of the data 
signal. Particularly, the present invention is effective if 
there is offset in a limiter amplifier or the like and further, 
also effective in a case of optimizing the threshold by 
providing the limiter amplifier with offset intentionally for 
adaptive threshold control (ATC). 

[0040] The third effect is that due to the full-wave rec- 
tification, the alarm can be dispatched regardless of a 
level just before data signal breaks. 
[0041] The fourth effect is that power consumption 
can be reduced because such a high speed circuit as a 
flip-flop circuit and logic IC is not employed. 
[0042] Although the invention has been described 
with respect to specific embodiment for complete and 



clear disclosure, the appended claims are not to be thus 
limited but are to be construed as embodying all modi- 
fication and alternative constructions that may be oc- 
curred to one skilled in the art which fairly fall within the 
5 basic teaching herein set forth. 



Claims 

10 1. A signal break detecting circuit for detecting a signal 
break in reception signal, comprising: 

a first value detecting means for detecting a first 
value obtained corresponding to the amplitude 
15 of said reception signal; 

a second value detecting means for detecting 
a second value which is obtained correspond- 
ing to the amplitude of said reception signal and 
different from said first value; 
20 a difference detecting means for detecting a dif- 

ference between said first value and said sec- 
ond value; and 

a comparing means which compares output of 
said difference detecting means with a prede- 
25 termined reference value and outputs a com- 

parison result. 

2. A signal break detecting circuit as claimed in claim 
1 wherein as the comparison result of said compar- 

30 ing means, an alarm for notifying the signal break 
in said reception signal is dispatched. 

3. A signal break detecting circuit as claimed in claim 
1 or 2 wherein said first value is a peak value while 

35 said second value is an average value. 

4. A signal break detecting circuit as claimed in claim 
1 or 2 wherein said first value is an average value 
of signals obtained by rectifying said reception sig- 

40 nals while said second value is an average value. 

5. A signal break detecting circuit as claimed in claim 
1 or 2 further comprising a half-wave rectifying 
means for half-wave rectifying said reception sig- 

45 nal, wherein said first value detecting means de- 
tects a first value obtained corresponding to the am- 
plitude of a signal half-wave rectified by said half- 
wave rectifying means while said second value de- 
tecting means detects a second value obtained cor- 
50 responding to the amplitude of a signal half-wave 
rectified by said half-wave rectifying means. 

6. A signal break detecting circuit as claimed in claim 
5 wherein said first value is a peak value of said 

55 half-wave rectified signal while said second value 

is an average value of said half-wave rectified sig- 
nal. 



20 



25 



50 



5 



BNSDOCID: <EP 1193902A2J_> 



9 EP 1 193 902 A2 10 

7. A signal break detecting circuit as claimed in claim 

3 wherein said first value detecting means compris- 
es a first full-wave rectifying circuit for full -wave rec- 
tifying said reception signal and a peak value de- 
tecting circuit for detecting a peak value in a signal 5 
full-wave rectified by said first full-wave rectifying 
circuit. 

8. A signal break detecting circuit as claimed in claim 

4 wherein said first value detecting means compris- 10 
es a first full-wave rectifying circuit for full-wave rec- 
tifying said reception signal and a second average 
value detecting circuit for detecting an average val- 
ue of a signal full-wave rectified by said full-wave 
rectifying circuit. is 

9. A signal break detecting circuit as claimed in claim 
7 or 8 wherein said second value detecting means 
comprises an average value delecting circuit for de- 
tecting an average value of said reception signal 20 
and a second full-wave rectifying circuit for full- 
wave rectifying an output signal of said average val- 
ue detecting circuit. 

10. A signal break detecting circuit as claimed in any 25 
one of claim 1 to 9 wherein said reception signal is 
obtained through an amplifying means having a ca- 
pacitative element and a DC feedback circuit. 

11. A signal break detecting circuit as claimed in claim 30 
10 wherein said amplifying means amplifies an in- 
put signal to predetermined amplitude. 

12. A signal break detecting circuit as claimed in any 
one of claim 1 to 1 1 wherein said reception signal 35 
is data signal which is transformed from optical sig- 
nal to electric signal. 

13. An optical receiving unit containing said signal 
break detecting circuit according to any one of claim 40 
1to12. 
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